Introduction
Viral vectors have been widely used to deliver several therapeutic genes in the clinical approach of gene therapy. The lentiviral vector permits stable and efficient gene transfer into non-dividing cells in the central nervous system of neurological and neurodegenerative diseases (Deeks, et Axonal transport in the retrograde direction, as observed in the case of some viral vectors, has a considerable advantage for transferring genes into neuronal cell bodies situated in regions remote from the injection sites of the vectors (see Fig.1 ). These viral vectors, for example, injected into the striatum, transfer the genes via retrograde transport into nigrostriatal dopaminergic neurons, which are the major target for gene therapy of Parkinson's disease (Zheng et al., 2005; Barkats et al., 2006) . Intramuscular injection of the vectors also delivers retrogradely the genes into motor neurons that are the target for gene therapy of motor neuron diseases (Baumgartner & Shine, 1998 In our previous study, we generated an HIV-1-based vector pseudotyped with a variant of rabies virus glycoprotein (RV-G) gene and tested gene transfer through retrograde axonal transport into several brain regions (Kato et al., 2007) . Although this pseudotyped vector showed gene transfer through retrograde transport in the rodent and nonhuman primate brains, higher titer stocks of the vector was required for the application of gene therapy trials. To enhance the efficiency of retrograde gene transfer, we subsequently developed a novel type of lentiviral vector that shows highly efficient retrograde gene transfer (HiRet) by pseudotyping an HIV-1-based vector with fusion glycoprotein B type (FuG-B) composed of parts of RV-G and vesicular stomatitis virus glycoprotein (VSV-G) (Kato et al., 2011a,b) .
More recently, we developed another vector system for neuron-specific retrograde gene The viral vectors enter nerve terminals and are retrogradely transported through axons into neuronal cell bodies, resulting in the induction of transgene expression.
In this chapter, we recapitulate gene transduction property of the HiRet and NeuRet vectors, and then describe the application of the NeuRet vector for retrograde gene transfer into the nigrostriatal dopamine system in nonhuman primates.
Gene transduction property of HiRet and NeuRet vectors

HiRet vector
The HiRet vector is a pseudotype of the HIV-1 lentiviral vector with FuG-B, which is composed of the extracellular and transmembrane domains of RV-G (challenged virus standard strain) and the cytoplasmic domain of VSV-G ( Fig. 2A ) (Kato et al., 2011a) . When the HiRet vector encoding green fluorescent protein (GFP) was injected into the dorsal striatum of mice, we observed high efficiency of retrograde gene transfer into the brain regions innervating the striatum, including the primary motor cortex (M1), primary somatosensory cortex (S1), parafascicular nucleus (PF) in the thalamus, and substantia nigra pars compacta (SNc) in the ventral midbrain (Fig. 2B ). The extent of gene transfer efficiency increased compared with that of the RV-G pseudotype, ranging from 8-to 14-folds dependent on the neural pathways. The high efficiency of gene transfer was also detected in the brain regions that project to the nucleus accumbens or medial prefrontal cortex in mice. In addition, we observed gene transduction of the HiRet vector into glial cells (~75%) and a small number of neuronal cells (~20%) in the striatum around the injection sites (Fig. 2C) . Recently, we created a variant of FuG-B (termed FuG-B2), in which the extracellular and transmembrane domains of RV-G derived from the challenged virus standard strain was exchanged with the counterparts of Pasteur virus strain, and the vector pseudotyped with FuG-B2 exhibited a further increase in the retrograde gene transfer efficiency in the rodent brain (Kato et al., 2011b ). More recently, Carpentier et al. (2012) reported the increased psudotyping efficiency of an HIV-1 vector by a chimeric envelope glycoprotein composed of RV-G and VSV-G domains, which corresponds to our FuG-B.
The host range of lentiviral vectors is altered by pseudotyping with different envelope glycoproteins (Cronin et al., 2005) . Therefore, the possibility arises that some mutations in RV-G shift the efficiency of gene transduction or host cell specificity of the pseudotyped vector. Indeed, substitution of the cytoplasmic domain of RV-G with the corresponding part of the VSV-G enhanced the efficiency of retrograde gene transfer. The cytoplasmic domain differs in length between RV-G (44 amino acids) and VSV-G (29 amino acids), but their amino acid sequences do not show any particular homology (Rose et al., 1982) . It appears that the cytoplasmic domain is involved in the mechanism underlying vector entry into synaptic terminals or the transduction level of the vector, resulting in enhanced retrograde gene transfer. 
NeuRet vector
The NeuRet vector is another pseudotype of the HIV-1 lentiviral vector with FuG-C, which is composed of the N-terminal segment of the extracellular domain (439 amino acids) of RV-G and the C-terminal segment of the extracellular domain (16 amino acids) and transmembrane/cytoplasmic domains of VSV-G (Fig. 3A) (Kato et al., 2011c) . After injection of the NeuRet vector encoding GFP transgene into the mouse striatum, we found enhanced retrograde gene transfer into the brain regions innervating the striatum, such as the M1, S1, PF, and SNc (Fig. 3B) . The efficiency of gene transfer of the NeuRet vector was slightly different with that of the HiRet vector (FuG-B2 pseudo type), depending on the neural pathways (see a review by Kato et al. 2012) . In addition, we tested gene transduction of the NeuRet vector surrounding the injection sites. Although the NeuRet vector transduced only a small num-ber of striatal neuronal cells (~6%), its transduction level into striatal glial cells was quite low (~0.3%) (Fig. 3C) . The property of gene transduction of the NeuRet vector around the injection sites was quite different from that of the HiRet vector, and in particular, the transduction of glial cells was largely declined in the NeuRet vector. Furthermore, when the NeuRet vector was injected into the subventricular zone, gene transduction of the vector into neural stem/progenitor cells was also inefficient.
FuG-C pseudotyping of the NeuRet vector enhanced the efficiency of retrograde gene transfer into various neuronal populations, whereas it caused less efficiency of gene transduction into glial and neural stem/progenitor cells. The N-terminal segment of the RV-G extracellular domain of 439 amino acids appears to be involved in the retrograde gene transfer, probably by promoting the interaction with synaptic terminals required for retrograde transport. Actually, amino acid residues essential for rabies virus virulence are reported to exist in the RV-G-derived extracellular domain used for FuG-C construction (Prehaud et al., 1988 ; Coulon et al., 1998). In contrast, pseudotyping with FuG-B (FuG-B2) and FuG-C generates a marked difference in gene transduction into glial and neural stem/progenitor cells around the injection areas. This difference suggests that the C-terminal part of 16 amino acids in the extracellular domain of envelope glycoproteins may be implicated in determining the host cell specificity of vector transduction, and that this C-terminal part may contribute to the interaction with glial and neural stem/progenitor cells. 
Retrograde gene delivery into monkey nigrostriatal pathway by NeuRet vector
The nigrostriatal dopamine system is a major target for gene therapy of Parkinson's disease. The availability of the HiRet vector for gene transfer via retrograde transport into the nigrostriatal dopamine system in nonhuman primates was described in our previous review (Kato et al., 2011d) . To verify the capability of the NeuRet vector for efficient retrograde gene transfer into the nigrostriatal pathway, we injected the NeuRetvector encoding the GFP transgene into the striatum (caudate nucleus and putamen) of crab-eating monkeys (Fig.  4A) . Intrastriatal injection of the NeuRet vector produced a larger number of GFP-positive neurons in the SNc (Fig. 4B) . These positive signals were in register with immunostaining for tyrosine hydroxylase, a marker of dopaminergic neurons (Fig. 4C) , indicating the transgene expression in the nigrostriatal dopaminergic neurons. In addition, we assessed the property of gene transduction with the NeuRet vector around the injection sites in the monkey striatum. The vector displayed a low level of gene transfer into neuronal cell bodies (~13%), and the level of vector transduction into glial cells was also quite low in the monkey striatum (~0.6%) (Fig. 4D) .The pattern of gene transduction around the injection sites was similar to that obtained from the analysis of the mouse brain sections. Therefore, the NeuRet vector mediates enhanced retrograde gene transfer, whereas it reduces the gene transfer into glial cells around the injection areas in both rodent and monkey brains. The NeuRet vector system successfully achieved efficient gene transfer through retrograde transport into the nigrostriatal dopaminergic neurons in nonhuman primates. Our vector system will provide a powerful strategy for gene therapy of Parkinson's disease with enhanced retrograde gene transfer in the near future. This system will improve the safety of gene therapy by reducing the risk of gene transduction into proliferating cells (glial and neural stem/progenitor cells) in the brain. 
Conclusion
In this chapter, we mentioned the gene transduction property of the HiRet and NeuRet vectors pseudotyped with different fusion envelope glycoproteins. These two vectors showed the enhancement in gene transfer through retrograde axonal transport into various neuronal populations in both rodent and nonhuman primate brains. The HiRet vector transduced prominently glial cells around the injection sites, whereas gene transduction of the NeuRet vector into glial cells was much less efficient. The transduction level of the NeuRet vector into neural stem/progenitor cells was also low. The variation in the structure of envelope glycoproteins shifted the efficiency of retrograde gene transfer and the preference of host range. In addition, we described the application of the NeuRet vector for retrograde gene transfer into the nigrostriatal dopamine system of monkeys. The NeuRet vector, together with the HiRet vector, will offer a promising technology for gene therapy of neurological diseases through enhanced retrograde gene transfer. In particular, the NeuRet vector system will improve the safety of gene therapy by greatly suppressing the risk of gene transduction into dividing cells in the central nervous system.
